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Abstract. All members of Mycobacterium avium group are important pathogens for animals and humans that 
give granulomatous diseases. In this study we analyzed eight Mycobacterium avium subsp. avium and seven 
Mycobacterium avium subsp. paratuberculosis field isolates by MIRU-VNTR (mycobacterial interspersed 
repetitive unit-variable number of tandem repeat) typing. The variability for MIRU-VNTR profiles was 
determined by MIRU-X3 and VNTR-10 for poultry isolates and MIRU-22 and MIRU-X3 loci for ruminant 
isolates.  For 11 isolates we obtained five MIRU-VNTR different profiles, four known profiles ( INMV 106, 
INMV 99, INMV 100, INMV 1) and a new one (52131118) for which have not found a corresponding INMV 
number. The MIRU-VNTR is a biomolecular typing method easy to use for characterization and 
determination of Mycobacterium subspecies diversity by performing a classic PCR methodology.  
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INTRODUCTION 
 
The group of Mycobacterium avium comprises four members: subsp. avium, subsp. 
paratuberculosis, subsp. silvaticum and subsp. hominissuis [Thorel et al., 1990; Mijs et al., 
2002; Turenne et al., 2007] that gives granulomatous diseases in mammals and birds. 
Mycobacterium avium subsp. paratuberculosis (MAP) is the most difficult to manipulate in 
laboratory settings, it is a slow-grow organism and depends on growing factors. The need to 
understand MAP biodiversity is sustained by the chronic disease in ruminants and especially 
its possible implication in Crohn’s disease. Regarding the etiologic agent of avian 
tuberculosis, Mycobacterium avium subsp. avium (MAA) is a frequent microorganism 
isolated in AIDS persons. Considering the zoonotic implications of Mycobacterium avium 
organisms and not the least the economic losses, biomolecular studies are focused on genetic 
biodiversity [Thorel et al., 1990; Mijs et al., 2002; Turenne et al., 2007; Turenne et al., 2008].  
In the last time the molecular typing methods are used for study the epidemiology, 
pathogenesis and interspecies transmission [Motiwala et al., 2006; Sohal et al., 2010]. 
Concerning the organisms of Mycobacterium avium group, especially MAP, the most used 
methods to characterize them are: restriction fragment length polymorphism (RFLP), pulse 
field gel electrophoresis (PFGE), multilocus short sequence repeat (MLSSR), mycobacterial 
interspersed repetitive units (MIRU) and variable number tandem repeat (VNTR) [Amonsin 
et al., 2004; Thibault et al., 2007; Sevilla et al., 2007;  Möbius et al., 2008].  
The MIRU-VNTR are tandem repeats (TR) classified as minisatellites (10-100 bp 
sequence repeats) [Supply et al., 2000] dispersed throughout the genome; mycobacterial 
interspersed repetitive (MIRUs) were first described in the genome of Mycobacterium 
tuberculosis [Supply et al., 1997] and are special VINTRs present only in mycobacterial 
genome. It has been shown that the MIRU-VNTR technique is rapid and highly 
discriminatory [Amonsin et al., 2004; Thibault et al., 2007] and  have been used to sub-type 
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the members of the M. avium complex (MAC) [Bull et al., 2003; Overduin et al., 2004; 
Romano et al., 2005; Thibault et al., 2007, 2008; Möbius et al., 2008, 2009]. 
Aims and objectives. The aim of this work was to perform a multi-locus VNTR analysis 
(MLVA) for characterization of M. avium subsp. avium and M. avium subsp. 
paratuberculosis romanian field isolates. To realize this study we selected 15 positives 
samples for MAA and MAP infection from limited geographic areas (counties Iaşi, Vrancea 
and Suceava) originated from households, sheepfolds and farms.  
 
MATERIALS AND METHODS 
 
The DNA material used in this study is from eight poultry from three different 
households, four bovines from one farm and one household and three sheep from two 
different sheepfolds. The animals were chosen after a preliminary epidemiological 
investigation. For DNA isolation the biological material used was represented by organs 
(lymph nodes, intestine) and feces (Tab.1). Before start the MIRU-VNTR typing the DNA 
was classified as IS900, respectively IS901 positives by PCR, which means the animals 
were infected with MAP respectively with MAA. The DNA extraction was done 
according the Macherey Nagel kit protocol. 
  
Tabel 1  
Animals and samples origin 
 
Location Farm / sheepfold 
/ household 
Animal Sample 
ID 
sampler 
Vrancea  household 1   poultry  G3 liver 
Vişani - Iaşi  household 2  poultry G5 liver 
poultry G6 liver 
poultry G7 liver 
poultry G8 liver 
poultry G9 liver 
poultry G10 liver 
Iaşi – Iaşi  household 3  poultry G12 liver 
Scânteia – Iaşi  household 4  sheep 1A mesenteric lymph node 
1B rectum 
Vlădeni – Suceava  farm 1  bovine (SV) 7B caecum 
Vlădeni – Suceava  bovine SV1 8 feces 
Vlădeni – Suceava  bovine 9 feces 
Mogoşeşti - Iaşi  household 5  bovine M 3 feces 
Cotnari - Iaşi sheepfold 1 sheep A 34G mesenteric lymph node 
34K caecum 
34 L iliac lymph node 
34 I rectum 
Cotnari - Iaşi  sheepfold 2 sheep B 35A mesenteric lymph node 
 
Typing methodology was performed by amplification of eight tandem repeats, a 
combination of two MIRUs and six VNTRs described by Bull and Thibault [Bull et al., 2003; 
Thibault et al., 2007]. MIRU-292, MIRU-3 (MIRU-X3/MIRU-1658), VNTR-25, VNTR-47, 
VNTR-3, VNTR-7, VNTR-10 and VNTR-32, were used with primer sequences and PCR 
conditions as described by Thibault et al. (2007). The DNA of strain K10 (GenBank accession 
number AE16958; reference sequence NC_002944) was used as reference to identify the 
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regions amplified by the given primer sequences. To realize the PCR for DNA of field 
isolates of poultry and ruminants concerning the MLVA characterization of strains we used 2 
µl of DNA in 23 µl PCR mix composed of 8 ml ultrapure water, 5µl 5X-buffer, 2.5 µl dNTPs 
(2mM), 1.5 µl MgCl2 25 mM, sense and antisense primers (2.5 µl of 10 pmol/μl each) and 0.1 
µl Taq polymerase (Promega). Amplifications conditions (TC thermo-Techne) were: 5 
minutes initial denaturation at 94°C, 30 cycles with 30 seconds denaturation at 94°C, 30 
seconds annealing at the specific primers temperature (Tab.2), 30 seconds polymerization at 
72°C and the final polymerization 7 minutes at 72
o
C. Electrophoresis was performed in a 1,5 
% agarose gels containing 0.5 μg/ml of ethidium bromide and 0.5X Tris-borate-EDTA. Gels 
examination was made with the Bio Rad Gel Doc transilluminator.   MIRU-VNTR profiles 
described in this work were designated by the number of tandem repeats in the following 
sequence: 292-X3-25-47-3-7-10-32 [Thibault et al., 2007]. 
 
Tabel 2 
 
Primers temperature conditions used to amplify VNTR-MIRU sequences 
 
 
MIRU-VNTR 
 
Primers 
 
T˚C 
Buffer used 
1µl 
DMSO 
5 µl 
Betaine 
292 
5’-CTTGAGCAGCTCGTAAAGCGT-3’ 
5’-GCTGTATGAGGAAGTCTATTCATGG-3’ 
58 + - 
X3 
5’-AACGAGAGGAAGAACTAAGCCG-3’ 
5’-TTACGGAGCAGGAAGGCCAGCGGG-3’ 
58 - - 
25 
5’-GTCAAGGGATCGGCGAGG-3’ 
5’-TGGACTTGAGCACGGTCAT-3’ 
58 + - 
47 
5’-CGTTGCGATTTCTGCGTAGC-3’ 
5’-GGTGATGGTCGTGGTCATCC-3’ 
64 + - 
3 
5’-CATATCTGGCATGGCTCCAG-3’ 
5’-ATCGTGTTGACCCCAAAGAAAT-3’ 
60 + - 
7 
5’-GACAACGAAACCTACCTCGTC-3’ 
5’-GTGAGCTGGCGGCCTAAC-3’ 
60 + - 
10 
5’-GACGAGCAGCTGTCCGAG-3’ 
5’-GAGAGCGTGGCCATCGAG-3’ 
60 
 
- + 
32 
5’-CCACAGGGTTTTTGGTGAAG-3’ 
5’-GGAAATCCAACAGCAAGGAC-3’ 
55 + + 
 
RESULTS AND DISCUSSION 
 
The results for the MIRU-VNTR characterization for the filed isolates studied showed 5 
different profiles: three profiles for the avian isolates and two for the bovine and sheep isolates. 
Analyzing the results of amplifications for the eight MIRU-VNTR markers were obtained three 
different profiles for DNA isolates from poultry: 25131127, 24131117 and 24131127 (Table 3).  
The variability for poultry MIRU-VNTR profiles is marked by MIRU X3 and VNTR 10 
loci. The profiles INMV106 (25131127), INMV99 (24131117), INMV100 (24131127) are 
characteristic for M. avium subsp. avium isolates other than M. avium subsp. paratuberculosis 
[Radomski Nicolas, 2007]. After recent MIRU-VNTR studies, the profiles 24131127 and 
25131127 are associated in principal with the MAA isolates from birds but also with isolates 
from domestic and wild animals, thereby fostering the idea of interspecies infection or 
adaptability by host species. IMNV99 (24131117) profile was described to be M. avium subsp. 
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silvaticum specific [Radomski Nicolas, 2007]. MIRU-VNTR typing of ruminants isolates (three 
from sheep and four from bovines) was complete for one sheep with the profile 52131118 and 
two bovines with the profile 42332228 (IMNV1). For the sheep profile described here 
(52131118) we have not found a correspondent INMV profile number. PCR amplification 
generated ambiguous results with the impossibility to detect the TR loci for two sheep and two 
bovines. The sheep isolates that was difficult to decrypt counted for MIRU-X3 a number of 15 
repetitions, a characteristic that to the best of our knowledge it has not been described by now.  
 
Tabel 3 
  
Results of MIRU-VNTR typing analysis for M. avium subsp. avium  
and M. avium subsp. paratuberculosis  of 11 romanian field isolates  
 
 
No. of  
isolates 
No. of MIRU-VNTR copies INMV* 
Profile 
 
M. avium subsp.  
 
Host  
22 X3 25 47 3 7 10 32    
1 2 5 1 3 1 1 2 7 INMV106 avium  poultry 
6 2 4 1 3 1 1 1 7 INMV99 avium  poultry 
1 2 4 1 3 1 1 2 7 INMV100 avium  poultry 
 2 4 2 3 3 2 2 2 8 INMV1 paratuberculosis  bovine 
1 5 2 1 3 1 1 1 8 ** paratuberculosis  sheep 
* INMV: INRA Nouzilly MIRU-VNTR, Thibault et al., 2007 
 ** For this profile we have not found a corresponding INMV number  
 
In this study MIRU-22 and MIRU-X3 were the biomolecular markers that have done the 
differences between the isolates, similar results on the characteristics of these TRs were presented 
by Douarre et al. (2011). Studies based on the examination of tandem repeats described the 
differentiation of the three types of M. paratuberculosis based on VNTR-22 and MIRU-X3 
[Castellanos E. et al., 2010]. VNTR-22 is located between the two regulatory components that 
have been widely studied for their involvement in the regulation of antibiotic production of 
Streptomyces, also its role in the control strategies of other actinomycetes [Shu et al, 2009]. 
A particular interest is given to MIRU-3 situated between SenX3 and RegX3 genes, 
which are components of a regulatory system that is supposed to influence the oxidative stress 
in the case of M. tuberculosis and probably its virulence [Rickman et al., 2004]. Previously it 
was found that M. bovis BCG, but not M. tuberculosis, has a loss for the MIRU-X3 by 53pb 
[Magdalena et al., 1998]. The study conducted by E. Castellanos et al. (2010) compares the 
number of repetitions of MIRU-X3 of one strain of type II-bovine (5 repetitions) with those of 
one strain of type III-type buffalo(3 repetitions), the latter containing the same number of TRs 
like vaccine strain 316F, which could explain a lower virulence, a lower pathogenicity and a 
higher immunogenicity. In terms of discriminatory hierarchy, locus X3 shows the highest allelic 
diversity for M. avium subsp. avium and M. avium subsp. hominissuis [Thibault et al. 2008]. 
 
CONCLUSSIONS 
 
As a result for MIRU-VNTR typing for poultry isolates we obtained three different 
profiles that point out their origin from three different populations. The analysis of MIRU-
VNTR profiles in ruminants, especially the sheep isolates, has encountered some difficulties, 
therefore from seven M.avium susp. paratuberculosis field isolates we described the complete 
MIRU-VNTR profile for three of them. The 15 repetitions particularity for MIRU-X3 locus 
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found in sheep isolates and considering the fact that MIRU-X3 is influencing the pathogenity 
of Mycobacterium species may indicate a high level of pathogenity. 
Genotyping data are important especially when trying to follow the transmission and 
persistence of a given genotype on national and international scale [Douarre P.E. et al., 2011].  
Detection method by MIRU-VNTR typing is a complex examination that can be done 
by performing a classical PCR for determination of subspecies diversity of Mycobcaterium 
avium group and the result may be compared with international databases.  
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